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• Introduction

– Data flow of SLR Normal Points

– How to build SLR Normal Points

– SLR processing at AIUB

• First results

– Compare different screening techniques

– SLR solutions using Variance Component Estimation

• Summary & Outlook

Outline
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DATA FLOW OF NORMAL POINTS

Observations (FRD)

Normal points (NPs)

Observations (FRD)

Normal points (NPs) Observations (FRD)

Normal points (NPs)

Observations (FRD)

Normal points (NPs)

Observations (FRD)

Normal points (NPs)

ILRS: collecting, archiving and providing NPs (since 2018 also FRD)

SLR processing normally at analysis centers or associated analysis centers (as AIUB)

Outline:

• Introduction
➢ Data f low of SLR 

NPs

➢ How to build NPs

➢ SLR processing at 
AIUB

• First results

• Summary & 
Outlook

Sources:

[1]  https:// i l r s . gs fc .na sa . go v

[1]
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DATA FLOW OF NORMAL POINTS

Observations (FRD)

Normal points (NPs)

Observations (FRD)

Normal points (NPs) Observations (FRD)

Normal points (NPs)

Observations (FRD)

Normal points (NPs)

Observations (FRD)

Normal points (NPs)

ILRS: collecting, archiving and providing NPs (since 2018 also FRD)

SLR processing at analysis centers or associated analysis centers

Our goal: 
Generate Normal Points based on full-rate data at our Institute.

Starting point:
Full-rate data from the station in Zimmerwald (ZIML). 

Outline:

• Introduction
➢ Data f low of SLR 

NPs

➢ How to build NPs

➢ SLR processing at 
AIUB

• First results

• Summary & 
Outlook
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ILRS NORMAL POINT ALGORITHM

Observations (O) Predictions (C)

PR = O-C

Trend function f 
(e.g., orbital 

function or low
degree polynomials)

FR = PR – f(PR)

Outline:

• Introduction
➢ Data f low of SLR 

NPs

➢ How to build NPs

➢ SLR processing at 
AIUB

• First results

• Summary & 
Outlook

Sources:

https:// i l r s . g sfc . nasa . go v/ da t
a_and_pro d uct s/ data / n pt / n pt
_a lgor i t h m. ht m l
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NORMAL POINTS

• Use only selected observations

• For each bin 𝑖: 

𝑁𝑃𝑖 = 𝑂𝑖 − 𝐹𝑅𝑖 + 𝐹𝑅𝑖

𝑂𝑖 :   Observation closest to the mean epoch of the bin 𝑖

𝐹𝑅𝑖 : Fit residual of this observation 𝑂𝑖
𝐹𝑅𝑖 : Mean of fit residuals in the bin 𝑖

Outline:

• Introduction
➢ Data f low of SLR 

NPs

➢ How to build NPs

➢ SLR processing at 
AIUB

• First results

• Summary & 
Outlook

Sources:

https:// i l r s . g sfc . nasa . go v/ da t
a_and_pro d uct s/ data / n pt / n pt
_a lgor i t h m. ht m l
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TWO SCREENING TECHNIQUES

• RMS based rejection
level

• Leading edge method
[Kirchner et al., 2008] 
[Wilkinson et al., 2018]

Outline:

• Introduction
➢ Data f low of SLR 

NPs

➢ How to build NPs

➢ SLR processing at 
AIUB

• First results

• Summary & 
Outlook

Sources:

[1]https:// i l r s . gs fc .na sa . gov / d
ata_and_pro d uct s/ da ta/ n p t/ n
pt_a lgor i t h m. h tm l

[1]
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SLR PROCESSING AT AIUB

Geometry information,
e.g., Earth Rotation 

Parameters

A priori orbit SLR NP data

SLR data corrections

Parameter estimation based on least squares
(parameters: station coordinates, Earth Rotation Parameters (ERPs), geocenter coordinates, 

range biases, osculating orbit elements, empirical accelerations, gravity field coefficients)  

• Using the Bernese GNSS SoftwareOutline:

• Introduction
➢ Data f low of SLR 

NPs

➢ How to build NPs

➢ SLR processing at 
AIUB

• First results

• Summary & 
Outlook
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SLR PROCESSING AT AIUB

• Parametrization

Satellites
Parametrization

LAGEOS-1/2

Osculating elements
𝑎, 𝑒, 𝑖, Ω, 𝜔, 𝑢0
1 set per 7 days

Constant and
once-per-revolution 
accelerations

𝑆0, 𝑆𝑆, 𝑆𝐶 , 𝑊𝑆,𝑊𝐶

1 set per 7 days

Pseudo-stochastic
pulses

no pulses

Earth Rotation
Parameters

𝑋𝑃, 𝑌𝑃, 𝑈𝑇1 − 𝑈𝑇𝐶

piecewise-linear 

Geocenter coordinates
1 set per 7 days
free geocenter

Station coordinates
1 set per 7 days
NNR and NNT

Range biases
1 set per 7 days for

selected stations + ZIML

Glossary:

• S:  a long-track

• W: cross-track 

LAGEOS-2

LAGEOS-1

Outline:

• Introduction
➢ Data f low of SLR 

NPs

➢ How to build NPs

➢ SLR processing at 
AIUB

• First results

• Summary & 
Outlook
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• Weekly SLR solutions based on 
LAGEOS-1/2 for July to October in 
2019

• Different screening methods are
applied

– S1-RMS3250:                           
RMS based rejection level
with +/- 2,5𝜎

– S2-LEHM-50+90:               
Leading edge method
with [-50ps,+90ps]

(currently only on data from ZIML)

• Number of observations

→ Station ZIML provides 2-14% of the
total data volume (for LAGEOS-1/2).

COMPARE DIFFERENT SCREENING TECHNIQUES

Outline:

• Introduction

• First results
➢ Compare different 

screening
techniques

➢ SLR solutions
using VCE

• Summary & 
Outlook



Slide 11

2
2

n
d

IN
TE

R
N

A
TI

O
N

A
L 

W
O

R
K

SH
O

P
 O

N
 L

A
SE

R
 R

A
N

G
IN

G
, 7

-1
1

 N
o

v 
2

0
2

2
Li

n
d

a 
G

e
is

se
r:

 H
o

m
o

ge
n

e
o

u
s 

fo
rm

at
io

n
 o

f 
SL

R
 N

o
rm

al
 P

o
in

t 
d

at
a

• Earth Rotation Parameters • Station coordinates

COMPARE DIFFERENT SCREENING TECHNIQUES

Sources:

[1]  https:// i l r s . gs fc .na sa . go v

X pole [𝜇𝑎𝑠] Y pole [𝜇𝑎𝑠] UT1-UTC [𝜇𝑠]

Bias WRMS Bias WRMS Bias WRMS

RMS3250 99,6 179,7 53,8 145,3 7,6 71,6

LEHM-50+90 93,9 170,9 53,4 140,9 5,7 71,7

Outline:

• Introduction

• First results
➢ Compare different 

screening
techniques

➢ SLR solutions
using VCE

• Summary & 
Outlook
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• Range biases for LAGEOS-1 and LAGEOS-2 for ZIML

→ Range biases are more stable for the NPs of the solution LEHM-50+90.

COMPARE DIFFERENT SCREENING TECHNIQUES

Sources:

[1]  https:// i l r s . gs fc .na sa . go v

Outline:

• Introduction

• First results
➢ Compare different 

screening
techniques

➢ SLR solutions
using VCE

• Summary & 
Outlook
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• VCE in a nutshell
Normal equation systems per satellite
group: 𝑵𝑖𝒙𝑖 = 𝒃𝑖

Combined normal equation system: 
𝑵𝑐𝒙𝑐 = 𝒃𝑐

with

𝑵𝑐 = ෍

𝑖=1

𝑛
𝜎0
2

ො𝜎𝑖
2 𝑵𝑖 , 𝒃𝑐 = ෍

𝑖=1

𝑛
𝜎0
2

ො𝜎𝑖
2 𝒃𝑖

where ො𝜎𝑖 is the a posteriori variance
factor for satellite group 𝑖 :

ො𝜎𝑖
2 =

𝒙𝑐
𝑇𝑵𝑖𝒙𝑐 − 2𝒙𝑐

𝑇𝒃𝑖 + 𝒍𝑖
𝑇𝑷𝑖𝒍𝑖

𝑛𝑖 −
𝜎0
2

𝜎𝑖
2 𝑡𝑟 𝑵𝑖𝑵𝑐

−1

→ Weights: ෝ𝑤𝑖 ≔
𝜎0
2

ෝ𝜎𝑖
2

• Using the Variance Component
Estimation per satellite and per 
station:

• Compare
– Earth Rotation Parameters
– Weights from VCE

SLR SOLUTIONS USING VCE 

Sources:

[1]  https:// i l r s . gs fc .na sa . go v

Station LAGEOS-1 LAGEOS-2

1884 ෝ𝑤1884,𝐿1 ෝ𝑤1884,𝐿2

7090 ෝ𝑤7090,𝐿1 ෝ𝑤7090,𝐿2

7810 ෝ𝑤7810,𝐿1 ෝ𝑤7810,𝐿2

… … …

Outline:

• Introduction

• First results
➢ Compare different 

screening
techniques

➢ SLR solutions
using VCE

• Summary & 
Outlook
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• Earth Rotation Parameters • Weights from VCE

→ The VCE indicates that the
observations from LEHM-50+90 
solution fit better to the a priori 
models.

SLR SOLUTIONS USING VCE

Sources:

[1]  https:// i l r s . gs fc .na sa . go v X pole [𝜇𝑎𝑠] Y pole [𝜇𝑎𝑠] UT1-UTC [𝜇𝑠]

Bias WRMS Bias WRMS Bias WRMS

RMS3250 99,6 179,7 53,8 145,3 7,6 71,6

LEHM-50+90 93,9 170,9 53,4 140,9 5,7 71,7

RMS3250: VCE 146,1 189,1 27,4 109,7 0,2 57,6

LEHM-50+90: VCE 141,0 184,6 22,6 101,4 -0,2 57,5

Outline:

• Introduction

• First results
➢ Compare different 

screening
techniques

➢ SLR solutions
using VCE

• Summary & 
Outlook
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SUMMARY
• Different screening techniques can be applied.

• SLR processing can be used to validate the quality of the newly
generated NPs.

• VCE per satellite and per station indicates that the LEHM-50+90 
solution is better.

OUTLOOK
• Develop new screening techniques.

• Apply the screening techniques also on full-rate data from
other stations.

SUMMARY & OUTLOOK

Outline:

• Introduction

• First results

• Summary & 
Outlook
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